Introduction
Ictal paresis (IP) is an unusual clinical event first described by Gowers in 1885. IP should be defined as a negative motor phenomenon, associated with hypotonia, not preceded by any positive motor event, the duration and evolution of which are typical for epileptic seizures. [1] [2] [3] IP presents challenging differential diagnostic problems with post-ictal paralysis, transient ischemic attacks, migraine events, and psychogenic paralysis. Video-EEG recording undoubtedly represents the essential mean for a proper diagnosis. 4 Several cases of IP have been described but, so far, only a few patients were recorded by video-EEG. 4, 5 Periodic lateralised epileptiform discharges (PLEDs) consist of periodic spike or sharp wave discharges, occurring at an approximately regular rate, mainly noted on the EEG in the setting of acute neurological events. 6 Whether PLEDs should be considered a peri-ictal or an ictal EEG pattern is still Seizure (2008) Summary Ictal paresis (IP) is a rare negative motor phenomenon presenting challenging differential diagnostic problems with transient ischemic attacks, postictal paralysis, migraine and psychogenic paralysis. Video-EEG undoubtedly represents the essential mean for a proper diagnosis. Periodic lateralised epileptiform discharges (PLEDs) are a distinctive EEG pattern, consisting of periodic spike or sharp wave discharges, often associated with seizures. It is under debate if PLEDs should be considered only a peri-ictal or also an ictal EEG pattern. We describe two children with severe focal epilepsies, who presented IP recorded during video-EEG monitoring, associated to PLEDs. Clinical observation along with interictal and ictal scalp-EEG findings, suggested a fronto-temporal seizure onset in the first, and a temporo-insular onset in the second. We confirm that PLEDs may be an ictal pattern associated with negative motor phenomena. # 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
under debate. [7] [8] [9] We describe two unique children with severe focal epilepsy who presented IP associated with PLEDs, recorded during video-EEG monitoring.
Case 1
This 11-year-old boy came to our observation for an intractable seizure disorder. He was born at term after an uneventful pregnancy, to unrelated healthy parents. Developmental milestones were delayed: he started walking at the age of 2 years and talking at about 3 years. At the age of 6 months he had his first seizure characterized by loss of contact and staring, lasting for a few seconds. Treatment with vigabatrin was started and he had been remaining seizure-free for 2 years. At the age of 3 years there was a recurrence of seizures characterized by staring and drooling, lasting for a few minutes. He was then put on carbamazepine (CBZ) but seizures persisted at monthly frequency. At age 8, valproate (VPA) 400 mg/day was started and he had been 736
T. Calarese et al. remaining seizure-free for 1 and 1/2 year. Monthly seizures characterized by staring, drooling and fall if patient was standing, reappeared afterwards. A marked hypomotility of the left arm and leg was noted by the parents during seizures at that time. At admission, neurological examination was normal. Brain MRI was normal. Interictal EEG showed slow background activity at about 4-7 Hz, and rare spikes and sharp waves over the right frontal-temporal regions, along with rare, short runs of diphasic small spikes over the right occipital region. An ictal event was recorded during video-EEG monitoring. Seizure was characterized by staring, right head deviation, bilateral mydriasis, redness of the face; contact was fluctuating the child being at times unable to answer the questions. No positive motor phenomena (clonic jerks, hypertone, dystonic posture) were observed or revealed by the examiner. Ictal EEG showed rhythmic delta activity over right fronto-temporal regions (Fig. 1A ). After 90 s, a definite left hemiparesis was observed (B-E), associated on the EEG with PLEDs, consisting of periodic or quasi-periodic spike and sharp wave discharges every 3 s, over the right fronto-temporal regions, spreading contralaterally ( Fig. 1B-E) . PLEDs lasted for about 3 min and they were followed by arrhythmic slow delta activity over both frontotemporal regions (Fig. 1F) . Left hemiparesis gradually improved (F) in concomitance with the disappearance of the PLEDs, and completely resolved ten minutes later. VPA was increased up to 600 mg/day (20 mg/(kg day)) and patient remained seizure-free in the following two months of follow-up.
Case 2
A 3-year-old child came to our observation for a severe seizure disorder. He was born at term after an uneventfully pregnancy, to unrelated healthy parents. Developmental milestones were normal. At 19 months, he started presenting weekly episodes characterized by emission of guttural sounds and cough, lasting for a few minutes. These episodes were correctly diagnosed as epileptic seizures after 6 months, when guttural sounds and cough were followed by retching, vomiting, left limbs hypomotility and loss of urine, lasting for about 3 min. CBZ and phenytoin only transitory reduced seizure frequency. Topiramate induced a skin rush with fever and then it was stopped. Clonazepam, clobazam and levetiracetam had to be withdrawn because of excessive irritability. VPA was ineffective. At the admission, physical as well as neurological examinations were unremarkable. Brain MRI was normal. However FDG-PET revealed hypometabolism involving the right mesial temporal structures, the right thalamus and striatum, and, less markedly, the right anterior insula and parietal lobe. Interictal EEGs were normal. During prolonged video-EEG recording, a seizure was recorded. Clinically, the patient presented retching and vomiting ( Fig. 2A) . On the EEG, rhythmic delta activity was recorded over the right fronto-temporal region 8 s after clinical seizure onset (Fig. 2A) . No positive motor phenomena (clonic jerks, hypertone, dystonic posture) were observed or revealed by the examiner. After about 90 s, a clear-cut paresis of the left limbs was noted (Fig. 2B-D) , as well as loss of urine; at times he was able to understand the orders and he also presented some oral automatisms. Simultaneously, on the EEG, periodic mid-voltage spikes and polyspikes at 5 s intervals, intermixed with rhythmic delta activity were recorded over the right frontotemporal regions (Fig. 2B-D) . Seizure stopped after 6 min and IP resolved 5 min later. Patient is now scheduled for depth electrode implantation in view of epilepsy surgery.
Discussion
To the best of our knowledge, this is the first report of IP associated with PLEDs with video-EEG documentation. It is not entirely clear which are the symptomatogenic areas of IP. It is well-known that electric stimulation of some cortical areas may inhibit movements, specifically the primary negative motor area, anterior to the motor face area, and the supplementary negative motor area, anterior to the face region of the supplementary sensorimotor area. 10, 11 Mikuni et al. 12 found a wide distribution of the negative motor area in the perirolandic cortex, especially throughout the premotor cortex as well as in the inferior frontal gyrus. However, Matsumoto et al. 13 recorded a focal inhibitory seizure in a patient implanted with subdural electrodes and found the ictal epileptic discharges in the positive arm motor area of the precentral gyrus but not in the negative motor area. A possible inhibition of the spinal motoneuron pool by the epileptic activity was suggested by these authors. The importance of the somatosensory area was then confirmed by the same group, when they described three patients with IP presenting circumscribed lesions in the somatosensory area.
14 A possible involvement of the temporal lobe as symptomatogenic zone of IP was postulated by Oestreich et al. 2 Our patients had only scalp EEG recordings and the symptomatogenic area remains thus unclear. However, both the clinical seizure observation and the finding of interictal changes and of ictal discharges over the frontotemporal areas controlateral to IP, confirms the likely involvement of these regions.
In both patients, the absence of any previous positive motor phenomenon preceding the IP and the presence of concomitant hypotonia during IP, as observed on video-EEG and tested by the examiner, indicate the ictal origin of paresis. IP duration outlasted the end of the ictal EEG discharges by a few minutes, as Singh et al. 9 and O'Donovan et al. 15 already showed in their patients. Tseng et al. 16 described a patient with a posterior temporal-parietal seizure characterized by prolonged ictal paralysis, ocular nystagmoid deviation and altered level of consciousness, associated with PLEDs; however, a video-EEG recording was not performed in this patient. The rare other reports of IP recorded by video-EEG, showed ictal discharges mainly consisting of repetitive spike activity over the controlateral fronto-centro-parietal regions. 4, 5 A unique electrocortigraphic study of a patient with IP 13 showed rhythmic discharges at 2-3 Hz over the right precentral gyrus. O'Donovan et al. 15 found rhythmic spike and wave discharges over the vertex in their patient with IP. In both our patients PLEDS did not represent the first ictal patterns, but followed, after about 90 s, the initial ictal pattern consisting in a rhythmic delta activity. PLEDS are considered as interictal by some authors, and as ictal by others. Recent clinical and neuroimaging evidence clearly shows that PLEDs may also occur as an ictal phenomenon. Terzano et al. 17 described seven patients with recurrent confusion state associated to PLEDS, that resolved on IV benzodiazepine and were prevented by carbamazepine. Singh et al. 9 reported the occurrence of ictal PLEDs in a clinically overt complex focal seizure recorded during routine pre-surgical video-monitoring. Bozkurt et al. 8 found a focal hyperperfusion overlapping with the areas where PLEDs were recorded in a patient with temporal lobe epilepsy. Cury et al. 18 also found a focal hyperperfusion overlapping with the areas with PLEDs in a patient with non-convulsive status epilepticus. In both patients, SPECT normalised after resolution of PLEDS. The same findings were later reported by Ergün et al. 19 In our patients PLEDs appeared at the same time as IP, clearly confirming their ictal nature. Primavera et al. 20 had already shown that PLEDs may be an ictal pattern associated with negative phenomena such as aphasia or neglect. We thus corroborate their findings, confirming that PLEDs may be associated with ictal negative phenomena, i.e. paresis. Our findings also support the hypothesis that PLEDs may be a distinctive, rare ictal pattern that gradually leads to the post-ictal phase, confirming the view that PLEDS are part of a complex ictal-interictal continuum.
